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r e:.have developed a simple and reproducible rat 
iodol of chronic colonic inflammation by the intra- 
ininal instillation Of a solution containing a 
ftreaker" and a hApten. Adintolstration 6f 
bhapten ^^O-trinitrobenfc^nesulfonic acid (&-30 
l) in 0,25 ml of 5d% ethanol 49 the "barrier 
Jf^er*' produced dbse-depondent colonic ulcer- 
belli and Inflammation. At a dose of 30 nig, trUu- 
bbenasenesulfonic acid/ethanol-induced ulceration 
d marked thickening of the bowel wall persisted 
).atleaet 8 ,wk. Histologically the inflammatory 
,ponse Included mucosal and submucosal JnfiN 
£Uon by polymorphonuclear leukocytes, macro- 
. *PH lymphocytes, connective tissue mart cells, 
nd, fibroblasts. Granulomas were observed in 57% 
tHotate killed 3 wk after Induction of indamma* 
-ttO^Unghon's-type giant colls. were also observed, 
*|sfemental ulceration and inflammation wore com- 
The characteristic? and relatively long dure* 
^ Of. inflammation and ulceration induced in this 
jfol afford en opportunity to study the pathophya- 
?W$y of colonic inflammatory disease In a specifi- 
Sjjly. controlled fashion, and to eveluate new treat- 
Wis potentially applicable to iitflamiuatory bowel . 
jtease in humans. 

^search 0)1 tic etiopathbgea'aSis of IriPammatdry " 
bowel disease and testing of potential therapau- 
|.agents have been hampered by the paucity of 
fo.duoible,and hlstopathotoglcaDy ^relevant ard* 
models of chronic inflammation. An aiximcd' 
,el of spontaneous colitis has recently been de- 
flosd (cotton-top temartne) in which theinflam- 
:Hon i* chronic and responds to sulfasalazine 
t^nt (l). Unfartyftfttely; this endangered spe- 
^s : not widely available, thus limiting its useful- • 
f) /Several animal models, of acute intestinal In-* 
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flammatfon resembling u'lcbrattve colitis have been, 
developed and Dre" % used. pirtenalvely (2-7), Chronic 
intestinal Stiflan^atiWVnd ulceration has also been 
produced in labb^to^'^lffinlS using a variety 6f 
techniques. Ntee' tft.'al./tSf immunized rabbits, with . 
the* enterobacterial- antigen of Kunin and then in- 
jected soluble Jityty^^ Intravenously end 
' tiritated the d^o'pf ; :.f Ottaaiin. The result . 
wa9 a chronic isifla^alrdry response with ulcer- 
ations in the .regJ^n^irt'^bich the fotmdin was 
applied (distal ^P.I^/;.M^ M al (9) recently de- 
scribed a.rat onrio4$^ hi-, 
flanmxatlpn induced ibyVii|itJfsmura,l injection of bac- 
, torial cell wall ftegm^t^: Although this model otters . 
s&Verd advantages 0^ ' 
•procedure *H^" ws^W^^ , ^• ^ * i S^^s^e^ffo , '• was hot char- 
acterized by mucosal ulb^fetibn or features suoh.aa 
diarthea and toefj^ Hqgptt 
(10) described Vmpdef^^^^ : 
in guinea pig$ j(n;Uti^^^ with, a , 
mucosal protein.^ .characterized by 
chibntc r granulo^.^ and ul^ * 
• atlonof.the disfctyfteU^ . 
Induced cbroriiV ^lUrw^Coiitis. 1 iri dogs by -daily ' 
administration, b^.^j^i^j^^n : or cinchophen, AK . 
though each oft!^ that 

charaetbri .^P^Pl^F;. , 

' .ease, they all' have.sj^i^ such'. as 

•requirements' for ^^e^JJimlted duration of the * 
.inflammatory :j^p^fl^M*j|acl^ .pf . reproducibility 
and, in somelhsWb^^^ a relatively expen- 

sive apecies of lab^aio^ ;^mil'< . 



Abbreviations uso^T in! ekiimfipen MPO/.JBiyolopcrpxidaw . . 
,". TN3, .tri*itrolion&^ ./ : : - 
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In the present study, Wftbiighi. to develop a 
simple and.roproducible jritfjtffcff atftnte intestinal 
inflammation. The approach wed.wae based on the 
hypothec of VW (12) tfd: Shorter et ol. (13), 
which presume that in Crohnls.di'seaseK an increase 
in mucosal permeability tWuiisUrahtry to the lam- 
ina propria of a luminal .ajdjjgsn.; fliat is not ade- 
. 2^ a *^y .cJW* b y rausoiial ; immune system. 
Thus, we instilled into the $^<&on of the rat a" 
solution containing ethanol jthe^bnitfer breaker") 
and trinitrobenzenesulfonio^fj^i; f rinltroben- 
zenestilf onic acid is a baptert^j.^^qbppled to a 
substance of high moleculat^gHt'fauch as tissue 
proteins), it has been showj^flj^M^ipmunologlc 
responses (14,15). JSthariol hlifl ?eeii ; ^Hown to cause 
Widespread acute mucosal ^^a^d' Wheii Instiled 
into the distal colon of .tK^rtCit^biitiehtrfttion of 
30% (16), The combined administration of TNB and 
othanol resulted in the development bf severe, trans- 
mural, granulomatous - -WflBt^UlMrbf -the distaj 
colon, Ulceration of the calonia mucosa persisted for 
at least 8 wk. This model ^ajm^^^'ot'tha hiato* 
pathological and cHrifcai fraturee ot*nuraah Crohn's 
disease and may be us^&'^.>tudy of the 
etiopathogenesis of chronic intestinal .inflammation 
as wdl as providing an inexpensive model suitable 
for assessing potential treatmwt*,, v ..v. 

. ■ V V V .* / •■ 
• J. J, ' 1 i. ! 

Materials and Methods 

Animate ' ' \ .\ •.' 

Virgin female Sprogue-biv/iey! I rati' (^50-300 g), 
obtained from Canadian Breading' Farms (Montreal, Can* 
ada), were used in this study. They, were maintained in a 
restricted access room with coMidlled temperature (23"C) 
and light/dark (H h;10 hj cycle. The* ahtaals were housed 
in raok-raounted, wJre oases withywieximum of 0 animals 
per cage. Standard laboratory pelleted formula and tap 
water were provided ad libitum 

, Induction of Chronic Jn^ommation 

The rats wer« randomized* Into* treatment groups, 
then lightly anesthetized with [n\hft f A rubber catheter 
(OD, 2 mm) was inserted rectal ly Into the colon such that 
the tip was 8 cm proximal to the anus; approximately at 
tho splenic flexor*. 2 f *>Trinltrbberi*enesulfonlc acid 
(Sigma ChemJcal Co., St. JUrnls; Mo.) dissolved in GQ% 
ethmol (vol/vol) was Instilled Jnto the himen of the colon 
through the* rubber catheter (total volume, 0.25 ml). The 
instillation procedure required p, tp complete, initially, 
a dose-response study was pefforjnt'd'ftx which TNB was 
admjr^iste.red at doses of ^.tp^p;;^ Wfeg per rat in tho ' 
00% ethonol vehicle (n 5 per group). The rats were killed 
g wk later for assessment of damage, Bared on tho results ' 
of this dose-response study, the: dose of TNB used in 
subsequant experiments w M 30;mjg pet, rat. In control 
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experiments, rats received (administered as before) 0.25* 
ml of either 50% ethonol alone, . 30 mg of TNB in 0.0 
saline, or 0.0% saline alone. Control rats were always 
housed in separate cages from TNB-troated rata. \ 

• V? 
\ 

Assessment of Colonic Inflammation and *f 1 
■Damage Js 

•At various times (24 h and 1-S wk) after intracolOtf^ 
ic administration of 30 mg of TNB.in 30% ethanol or one otH 
the control solutions, 5 or more rats from each treatment* 
group were randomly selected and killed by an injection of ?' 
:*tomim pentobarbital (90 mgflkg i,p,). The distal colon waatf 
removed, opened by a longitudinal incision, pinned out biw 
a wax block, and assigned a code number, The colon waife 
Immediately oxamincd under a stereomlcroacope and any; ? 
vioiblo damage was scored on a 0-5 scale (TaWa i) by two^ 
independent observers blinded to the treatment. There 
wa$ a highly significant linear correlation between t.hjt 
scores assigned by the two observers (r - 0,98, p < O.Oui). , 
After scoring, three tissue samples (2 X 10 mm) were f. 
excised from each coJon. When no grossly visible lnflom-- 
mation was present, the samples were taken from the^; 
regions -1 . 3, and B cm proximal to the anus. When visible. £ 
ulceration or inflommation was present, at least one of the * 
samples was taken from the affebted region. In aome'£ 
studies* samples for histologic assessment were also teW f , 
from tho transverse colon, ileum, jejunum, duodenum,. ' 
Mver, kidneys, and spleen, The tissue samples were ftxe<) 
in PorOx (Fisher Scienttflc, Pittsburgh, Pa.) and processed:' 
routinely before embedding in paramn* Sections (7 A*m)v 
were stained with hematoxylin and aosln Or acridine j 5 
otanRc/hematoxylin. . The acridine orange/hematoxylln ; * 
staining procedure allowed for identification and aepare- ' \ 
tion of mucosal and cortneotlve tissue mast ceils, Hti- y 
tologic assessment by light microscopy was performed in a 1 
blinded fashion on coded slides. Thickness of the colon u 
wall was determined by measuring the distance from the, •* 
sorosfll surface to the luminal surface of the mucosa. V 
Measuremontj were made at 1-mm intervals olong tha ..■ 
entire length of oach section [at least two sections per ratj ' 
and were restricted, to regions where elands were contiD- ) 
nous in sectiom throughout the depth of the mucosa. The * 



Table 1. Criteria for Scoring of Gross Morphologic 
Damage 

Score Gross morphology 

0 NO dftmnga 

1 U»esli^ed hypcremU, but no ulcers. 

2 Linear ubRrs witli no signifl^t inflommitlon, 

3 ■ Linear ulcer with inflammation at one site, 
. 4 Two or more sitsa of utoexation and/or Jnflamroatloji. 

5 Two or more major f Uei of InilammaUon and . . / 
utaar«tlon or one major site of inOommstion s))d ' • 
. iJlcstaUoa extandtn5>acmDloagtbeleJDgtHof.. . ; 
the colon. 

'•JflflammaUoti'' was doAnod sf 'nigloni of hyperemia and bows! 
wall thtakerUng, Colons wove examined und sr a swroomicro«cops \\ 
IndvpsndsnUy by 2 obnerve« who win unaware of the Ueelmtttt. 1 ' * 



ence of epithelioid granulomas, in thpse Actions .was- 
noted, epithelioid granulomas were defined, uelng the 
tcria of Surawlcz atid Belie (i7)/as discrete collections 
t Jeast five epithelioid oells, with or without accdrapa- 
*og.gtaut cells, and without oaaeaUon necros is or foreign 
dies. All granulomas were examined with polarising 
croicopy to datect the pre? once of foreign bodies. 
-Ionic myeloperoxidase (MPO) activity and weight of 
dfstal 8 cm of the colon were determined as further 
dices of inflammation, Myeloperoxidase is an enayme 
' nd predominantly in. the asurophUto granules of poly- 
iphonuclew leukocytes (neutrophils) and has been 
d as a quantitative index of inflammation in several 
sues, including the intestine (546-20), Subsequent to 
elghlng on an analytical balance, the distal 8-cm segment 
the colon was suspended in 0.6% hexedecyltrimethyl- 
jmonium bromide (pH 6,0: 50 mg of tissue per milliliter) 
'd was then homogenised for 15 e using a Polylron 
aerator (Brtukman Instruments, Roxdale, Ontario, Can- 
as), After freeze-thswing the homogenate three tlmee,the 
Hue levels of MPO activity were determined using the 
ohnique described by Bradley et a). utilising 
0005% hydrogen perpxide a* a substrate .for.Jhe.^O. A 
t of MPO activity w« deflned as that convortjog 1 /wnol 
hydrogen peroxide to water in 1 min at 22*0. The MPO 
ways were performed in a Winded fashion on coded 
bes, 

Statistical Methods 

Unless otherwise stated, dou »re expressed as 
ean * SEM. Parametric date were snaked. using the 
Student's two-tailed West for unpaired dbsarVatiOns, Lln« 
rre^m)onfcu*iyse* were performed using the Stfitgraph- 
p software paokage, version 2.0, Nonpsramatrlo data 
$vore analyzed with the Menu-Whitney U-test With all 
tftaUsllcal analyses, an Associated probability (p value) of 
5% was considered significant 

Results 

Dose-Reponee Study 

The severity of colonic damage) induced by 
Increased with the amount edminUtered 
Figure 1). Rate that received the lowest dose of TNB 
w 1 mg) had damage scores, colon weights, arid tissue 
Revels of MPO activity that were not* el^iflficantly 
different from oontrdl animal* tweeted ordy With the 
^ 0%' ethaubl vehicle, With! doses of TNB of ItWt)' 
|ngr.tiesue levels of MPO activity, colon weights, and 
emege scoria, irtcroaaed \jx a doae-relatecl manner, 
-ere was a highly significant (p < Oidi) linear 
deletion between the .dose of . TNB administered 
•jjfcrid the damage scores (r «= 0.85), colon weight (r » 
5§P.70), end tissue levels of MPO activity (r 073). 

Time-Cpyrse Study 

Intraluminal administration of i).9% . saline 
^lone did not produce any macroscoplcally or hiato- 




; /;';\ ; ';V V / / / Oosa of THB (m9) . . . . . 
1. /tale sic presented si the mesi * SBM. Rtt* wers Mlled ' 
■ 1. * >% intrspoionlo.adminiitr^ion of '80% ctbwiol 

;: j ;f ^tjijjit^; 0^0, nig of tnb. Colonic demote wis- 

V , •/ v* •••W*? * ft (nQnaol) to 8 (sevsrei wsHe by i fodepon- 
, , ,d>n,t ^bfiorvoyj. Tissue activity is 'expressed ss 
units of activity per milligrtm of tissue. Colon weight 

1 distal S em, in grams, 
groups that differ 
rTNBVtfou* (* P < 

y \ 'VV^^V'P* O.OlrSiudent's t-tert- fnrMPO «nd oolen 
*-V i-' well M Maun-Whitney U-te«l ior.daToage. scores). , , 
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logi ea> l^y ^: dfctbp t^ >>le t dsimag© . In the control groups 
treated withi 50% etfianblbr 30 rrig of *TN& in aeUne». 
. adiit^.^i6)b^^/§^^Ag^ chetrncteriacd by hemorrhage 
anfy^^ was present ! day after . 

admiUisj^atl^v/ However, colon ..weight,, -damage. . 
BtyttyK^wWtfw&i' ot MPO activity wew eimi- 
l^.t^^k^U Observed in *aline4reated rata by. 1 , 
^^^flf^W^W^ Pi either, igliitlom ' ; , " : .' : ! . ; . : . 
r received 30 «rag ; of TNB in . 

jO^iewamvtfe^^ of ( groB8ly vliiiblo ; 

.boWeK WtU^S^ Jnflair\rnajtlM, , and,, u^pexjl.,. , 

to. 8 wk after admin- 
WAtltfi^fTO The aites of inflamraation * 

a^jdiiUoVr^iti^ii -varied from the perirectal region to 7 
: '^jp^M\lk6\^ ai\is. There 'Were ofleri .twadr 
'p^tjf^^j^Uki of i^ammation in the distal 
colonf -w^i^ wee detected .'proxirhal fo' the 
a'pleafe/n^ to sovereV transmural < 

.'irifl'erdinrAiti^ pericolic accumulations Of 

;n>es^%j^ttf the eweil 

Th«;Wc^8;^i3!peWed , ee ; -WliJ.td foci ot linos' arid We ' 




WK 0 WK 1 VVK t WK 5 . VTK 4 WK S . WK • . WK 7. .WK B 
TIME AFTS* TNf/tTOM AOWWCTIWT10N 

in 3. The effects of intracolonlc administration of 30 mg of 
TNB in 0.25 ml of 60% ethmiol on colon weight (distill 
0 cm) and damage score 1-6 wk *Jft«r administration. 
Each bar roproeerttn the mean * 3EM of at lout 5 
ariimale (for exact n values see Table 3). The M VVk 0" 
group refers to the overall mean a-* $KM for *sts thet 
received saline in place of TNB end were killed 1-6 wk 
later. All groups of det« for the tNB*treilcxl rat* were 
sijprifioATftly (p < 0.01) greater then the corresponding, 
control (saline-treated) group. 



rounded by thickened, inflamed . my<?9$fl» Fro* 
ntly, a localized "cobblestone" appearance re- 
*ed when regions of mucosa were completely 
Sircled by ulcers (Figure 2b). Linear ulcere were 
b 3 mm wide and often exceeded 1 cm in length 
urs 2d). Exttoalve niter* oftert ifivplvod Uto 
ire circumference end extended more than 3 cm 
l&g the length gf the colox* (Figures Zb. and. 2$), 1 . 
r o abnormalities were observed In histologic 
jBoimen* of liver, spleen, kidney, ileum, jejunum, 
>duodenum. Diarrhea was observed in :>90% of the, 
' killed 1-3 wk after TNB/ethanol administration, 
was never seen in the control groups. Mcbrtip lets 
el obstruction (marked narrowing of the lumen 
e colon adjacent to Inflamed sites) Wlth proxi- 
dilatation of the bowel, was frequently tibserved 
11 times studied (>50%*of xats kjlbrt .1-8 wk after 
3/6thanol), but perforation Bid not 6c : cUr, Mortat- 
,in rale treated with 30 mg oftN^tha^'orw^; 
i with the majority of deaths occurring during the 



TaWe 2. Efftotobf Trinffrobensenesul/onio Arid/EthonoJ 
%, ofru6lbmMWty*Tt>xi&<t**. Activity '.■ ; •; 
TlmerCouree Study 

i ' . T^rrrrrr. j i . . . ■ v 

Tlmeaftar , , Number 

T Nfi/ethattOl in grouo MPO (U/mg) 

0 (Control)' . , . . 9 , pM X OM 

iwk • 2a 2.w±o.io* 

2 wk ' \ • '• 14 0.9S ± 0.14* 

S wk 0 * OJO" 

4 wk 6 US * 0.21" 

5wk * 0.75 ±0,07* 

Swk • 0 • 0.6*1:0,00* 

7 wk 6 0,72 *O40 a 

8 wk . ,"• - v . ; . . e p.07 ± o.ee 

MPO, myeloperoxidase* TNB. trlnitrobonienenvlfonip acid. Data 
ate expressed as the moan SEM All animals received 30 mg of 
umiuobflownesultbrtc ectd In 90% ethonol intra wloriically, ex- 
cept for the pcjnbol ^pup, which received 0,9% saline. Mysloper- 
oxidase, activity, of thVdljttal 8 om of colon is expressed as the 
units of'a^j^ pVi)il/Hgrani of tUeue. " p < 0»0l by Student's 
West when bomjparifcfVlth control group, 



first 2, vyksJW a^niilr^a^atibn the hapten. f He icexu . 
that died displayed' grossly distended colons,* with ■ 

no pM^^ffi'^^^^iP*. 4 ccroaw to tota l bod y 
wdghfwja* $s$vy^ week after tN]B/ 

ethan'oWier^^ returned to normal ' 

(3-5 s^/day)> Sig^fieaot weight loss was not observed 
in any ot«^V^ft^ -control groups. 

After* !FI^e(Jha^t)l;admiiUsUatioii, all three of the , 
employed 'ttdlCWbf dattage and inflammation were 
ai^ifiti^tj^; 'Cft' '^J. 0.01} elovatad above the levels 
obpery^d^iapit^Mfl that received any t of the three 
controj UwtRtfitJJt^.Papage scores and colon wbight 
ri3ftiaih4(l .^gfiifl^n'tly (p < 0:01) elevated • above 
coHtrpifl^ of TNB/, 

ethanoMWguire M 3)i'in^ olWf 'O actlv^y. 

wsw\^j||ftt^iy: , tti ' ^/OVdl) higher thau cOh^ol 
levels'd^ijiR:^^ 

Thd hJstoloriWappearance of. tissues examined 1 . 
day ^td^-'Batoft^trMiori of TNB/ethaiiOl did not 
differ ^^,M^tfC^^&^ tttawi day after admlnls- 

• trafi6ti;^b^ 30 m$?i TN9 : ih : 

• sMin^l^^^^ 

In the^group:trtft^WoW TNB/ethanpl. . There ' was^ 
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Pinols a-d are photogroplu of colons from' tats .given 30 r^bntyfr 



(lntt«colonicnlly) end killed at various (iimes aftdrwuds. o. Rat k«W' ^iyk^^^hlWatloh W the'60% etnsWj vehicle. 
Thla colon was give* a' damage score of 0. b- B«t killed 2 wk alter «dmtni%ir>ttoi 'if^njlsVethano). Koto tr>e;oxtenslye , : u)cpratloh 
involving the distal 4 cm of the colon. Arrow Iddtoates an ulce* ^oUtided t^^rbrtiy AoJmal tlita'a. Thin oolon was given a 
dama^a $coro of 9. o. Hat kHlad 4 wV afteradminletratlon of TNB/ctbanol Nota tr\e 'grossly .visible enlargement.of tho. colon and 
the large ulcer, Tbil colon was given a dara'ogc ioore df 6. d. Ret WHea'i w^;]4f^ti\dmlhfstratfon of TNB/eOianol. Arrow 
indfoates u discrete, transverse ulcer. -TWe oo>n was given a da»eie;a^ife;.o^ a.,llgbt ralcwareph of .a.smaU flerosel, 
Srenuloma in a sample of colon taken from a rat 4 wk after Intycqlqhj^ of TNB/ewenol. TlUs granuloma has 

a cenlrel ^ani^an'a-type giant cell (G) associated. with hemoelderin-ctom^inm^^ anwfjB^cV.cpnnecUve 
tkesue mast ceils (ioria arrows). Mtt)rdftce^ / 
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Fiflurs 1 Ulcwntion end Inflammation oMhtfccjlpin 2 wk *ft«r IntrocoloTi^ admlnislTuHfin ofTNB In 1*0% othinol. Aroo» of ulnamion 
«ro «opRTM«d by IrUaut gU'nduTftr mucoVii/MiigiiiflcoUon, X4S (homitoxyJin & cosin). 



extensive mucosal damage characterized by edema, 
hemorrhage, epithelial nxfQ.UaUoif» and JFifllitration of 
polymorphonuclear leukocyte; TOib ' Wtt'jtuUiijr mu- 
cosae remained intact. . r}J^J\j\:v 

At both 1 and 2 wk after admliU«tr«tion of TNB/ 
•ethanoi, the inflammation extend$4.tlw>pgh the mu- 
cosa and submucosa, a.n<d.oft?n inputted thp.muscu. 
Iwis externa (Figure 4). Extensive- infiltration by 
polymorphonuclear leukocytes, hi'acropheges, eosin- 
ophils, fibroblasts, connective tissue mast call 9, and 
lymphocytes was apparent. ThrJ mucosa adjacent to 
ulcers showed extensive crypt distortion (Figure 6), 
Granulomas, utmedly in tho submuoose and serosa, 
woro most frequently observed in the rats killod 1-3 
wk after TNB/ethanol (Table 3). Foreign-body giant 
cell* wore occasionally present', in the 'superficial 
(most luminal) regions of tho inflammatory cell 
mas*. Tissues examined 3-5 wk after administration 
of TNB/ethanol showed progressively, increased in- 
flammatory activity in tho rouscuiaris externa and 
involvement of the serosa, In some regions, the 
muscular** was obliterated by th* inflammatory cell 
mass. 

By 3 wk after TNB administration, polymorpho- 
nuclear leukocytes were primarily located within 
th» superficial regions of tha ulcers. Connective 
tissue masl cells wore most preyalnnt during weeks 3 
and 4 (the periods of most extensive chfohic inflam* 
matton) and were primarily locaLed'in the serosa and 
submucosa surrounding the inflammatory eel] mass. 
Connective tissue mast cells snd hematin-containing 



macrophages were often located at the periphery of 
granulomas (Figure 2«J. 

As, outlined in Tabln 3, the moon thickness of the 
bowel well at sites of grossly visible ulceration/ 
inflammation was increased by up to 225% (com- 
pared with normal regions of the same colon) in rats 
killed 1-8 wk after administration of TNB/ethanol 
In some sections of ulcerated tissue the bowel wall 
W05 increased to more than eight times the thickness 
observed in sections of grossly normal tissue* 

Discussion 

Those results demonstrate that inlracolonic 
administration of the hapten TNB mixed with a 
"barrier breaker" (50% othanol) results' in long- 
lasting ulcemtion and inflammation of tho rat colon. 
This damage was characterised by marked thicken- 
ing of the colonic wall, infiltration of polymorpho- 
nuclear leukocyte* (assessed histologically and by 
MPO activity), and granuloma formation, Such 
chronic inflammation was not produced by admin- 
istration of the hapten or the barrier breaker alone. 
Thhso results are consistent with the hypotheeos of 
Ward (12) and Shorter et al. (13) that chronic inflam- 
mation of the intestine may occur as a consequence 
of increased permeability of the mucosa to a luminal 
antigen . which • cannot be readily cleared by the 
immune system, Using a monoclonal antibody to 
TNB for immimohiatochwnical localization studies, 
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aiter, treatment with t ' pxv^0aji^j(ri a t ati«16guw. A ( 
nuitriber of other groups 'have 'also carried x>ut drug' 
trials using the TNB model* (&0,23;24).. This model, 
also allows for the jtyujyof eyants characterizing the 
progression from aquje, to .chronic toflojnmatlon. 
Finally, the model is histopajWotfcatiy relevant,' in 
that several of the features .of human inflammatory 
bowd disease, particularly, Crohn's disease* axe 
present. For instance; the inflammation is trans- 
mural 3nd includes granulomas' and UnghanVtype 
giant cells, Ulcer morphqiogy'.wes strikingly similar, 
sklp^ogment ulceration T and inflammation were 
common, and the mticitfs*' fluently bad a "cobble- 
stono"-Uke appearance. Mast cell and lymphoid in- 
filtrates and crypt, dfotbttiort Vsre' also noted. 

The dose of TNB a^d.t^e goncentratlon of etbano) 
used in most of the : t)redWitUdy were based oii the 
results of a doaorraspbiiafc Vbtfty.' Although the dose 
selected consistently 1 : jproflWed , a severe form of 
colonic inflammation, it .dijj , not significantly affect 
the long-term weight g^in of;the animals. Significant 
Blght'loss was p^'fiBs^d thfctof week 



we 



after' adminisWUbh/^ and .with the, 

dose used, a low rate bi mortality was encountered, 
It should be nOteWaf* 
ti4\xiti$ tVprddW^ df^fltfrima- 
tion may vary witli th'el»ge,.strsin, and aex of rel 
used. In studies P^,W!?f.fe collaboration with 



fcuro'i; 'Gcionio mucosa over a iitr of chronic- InflaminaUon 
" * ' ' » i ■ 'from/rat WtUed'3 wk aftar intiaooioiito admin1at«Uo» of 
.•rY.3o.mg.ol TNB in 50#, athimol, Nott tha mucoiol 
' ' ' thickening, dluortad crypt architecture, flod pmwvn- ■ 
• «ort off oblet colls, The nmcoi* t* covered primarily by. 

mucus and polyroarpboriucfaai taulcocyioa. Magnifies 
•/ J." 1 ., tion, XSB (h*malo*yUn and eosln). 



AcidrnxhawVph-QoM .WaHThtcknew and 

Crojnulohia Formation: Time-Ceuwe Study 



tfe-haVe observed TNB in colonic tissue for up to 5 . 

J*k after induction of colitis (unpublished); 

jp Seyeifal features of this model make it an attractive* 
l^fo'r, study of both the pathophysiology.and treat- . 
aerit/qf ihtestinal taflammatldn. First, the inflammft- . . 
ioh.iy induced by a 3lngle : intralutnlnal fedminlsua- : 
ion,' with ho requixero6nt. for previous sensitization 
pi- the .animal or for surgery, and the severity and 
ip.wiatence of the damage is very reproducible. Sec-; ; 
^Jnd, because the animal used is the rat, the model is 
Jfelatively inexpensive. Third, th<* inflammation in- - 
pu^ci'by 'TNB/ethonol islorig-lasting, wfth sig^'fr. ' 
' tafcF thickening of the colonic wall associated with, 
ptollulv infiltration and tilt*** persisting for at least G 
^•iTbis relatively long duration, of inflammation- 
goyt'des a suitable period in which potential treat- . 
^eji^can;be ; esseuaed. Recent reports . from this 
pp»itOxy.-(SS-)lj and. others. (#J). dempnstratejd, a Sig-.,-. 
JftfeatiV reduction of TNJMnduced colonic damage 
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!Dplon wall thtcknaas .w,u '^j^wsd tka diitaifioo from th« 

'wMa.iathclur^nW:^^ *W • 

obsarvad approxlmataiy >M\\qm;ifi\<>h*n in the acctiona of 

^groiary • darimBed' njldha" W AiVKfett ; 1» •«ap^a °f 8 rowl y' • 
' nonniilFagion/i. ,i B^Wdyc^I^ ' 
,$lvati the So% ethanp),^(j^e4^;^lc btte^-tlioy.wew Killed- 
(gronly damasad lagioW/wapa.y^ bbawvod uf) to 2 w* aft6r 
athanol «droLniatratl^)^Fb^(ho^ t i(ajfn« control 1 ', youp, rati war© 
killed AtS wkafter Jnlracolo^^dSiUniittatfon of p.fl% »i«nc» ' p.- 

,*> q.oti.>y Studow^'v^i Vl^^^^P*.^ 
* from iha' lama coloui. * .' / - * ,.•'->' >\. 
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DouRhtfin-Smith »l nl. (20) on male Wistar iwt« (200- 
225 g), a rime of 20 mg 6T TNB in 20% Hlhano) was 
found U> produce inflammation and ulwratinn sim- 
lar to lhat observed in 'thH present study. Olhers 
have found o dose of 50^ o f TN B in 10% ethanoito 
yield a raproducible leVdl'of ulceralion and Jnflom- 
malion (Guarnet F, peraonaj wmmtmlcallon). 

Although provlqua Mn.jitlzntiwi 1,0 TNB was nul 
required for Induction; of oo)o'ni« : inflammation in 
thts model, praliminaiy,.-.sludlfts Jn our laboratory 
sii)jgesl that rolapao cart fee>duW- by intrat.:o]onio 
odn.mlstratlori of TNfl alo<i«.(i.«.;.iio ethanol) sevaral 
weeks after challenge wUh'TNB/ethnnol. Thus, it is ' 
possible that the nnimnla dxrbecomo sensitized to the 
danniRinjg effect* of Tiyi). The ability to indue* 
relap Se by repeated intrarumiiial adiuinUtration () f 
TNB may provide a mothod to mimic another impor- 
taut clinics] (ihaianiorlatlti'of.Grohn's dJseaso: name- 
ly, thn commonly observed pattern of remission and 
relapse. We recenlly rep.ort0d .that. Ihc colonic in- 
lleimnntioii induced by TN.u7nlhenol can be signifi- 
cantly reduced by prior' ftiHuctfun of tolerance to 
TNB (25). This observation' supports Iho hypothesis 
Hint there ia an immunologic- co'iriponeul to iho 
mechanism of action, of tNB" in ' inducing nhronic 
inflammation and ulceration. 

Whether or nnt tint opminlJitrelion of enlivens 
normally found in the nwrhjrtiaj'ja'n gut, in comblna- 
tlon with a "barrier bMJikei'lV would ylald similar 
results ))hs yel lo be determined. It should b« noted 
Ihot Sartor al al. (9) demonslrarad thai boct»rtol nail 
wall fragments from.. Streptococcus pyroganea and 
S(«iptoc(j(;ci/aHolumwcret:Hp ! )blaofo)icilin R c)uou. 
ic inflammation when injected Into the bowel wall of 
the rat and that uptake of bacterial cell wall poly- 
mora was enhanced by aciuto injury to Iho colon (26). 
Studies on the oorragwonan model for ulcerative 
cohtls have also daraonatrntert Ihc importance of 
hocterinl populations in the dBvclopmont of experi- 
mental colitis (27), 

Although the inflammation, was limited l» the 
region of the gastrointestinal trad into which the 
1NB was administered, similar operation and In- 
flammation win also be produced in othor region*. 
Wet have previously reported that oral administra- 
tion of 50 mjj of TNB in 0.70 ml of 50% ethanol 
resulted in the formation of discrete ulcers in th« 
antral region of the atonuich. These ulcers were also 
associated with transmural, granulomatous Inflam- 
mation (2«). 

In conclusion, the TNB model appears to/nlfllj the 
criteria set out ut the beginning 0 f our study. Jl 
provides a wimple, reproducible, and Inexpensive 
model of chronic inflammation and ulceration of tin. 
eoJon. The dura) ion of the Inflammation, Ihe compo- 
sition of the inflarnmalory telJ population, end Ihe 



ability to mouitor Ihe progression of the disease by a 
variety of methods suggest that this modal may be of 
some vnluw In Ihe assnasmont of polantially tiiera- 
peulic agents for the Irealmenl of colonic inflamma* 
lion, This model should a)so yield lnfurmatinorelfl. 
v/mt to the dissection of thn crucial components of 
the pathophysiology of inflammatory bowel disease. 
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